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Three reasons to invest in
African Genomic Variations:

1- Ancestry
2- Ecology

3- Equity
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African Ancestry: missing variants



Missing African Variants
in the Human Reference Genome

Assembly of a pan-genome from deep sequencing of 910
humans of African descent

Rachel M. Sherman'<:", Juliet Forman'3, Valentin Antonescu’', Daniela Puiu', Michelle

African pan-genome contains ~10% more DNA
than the current human reference genome.

Nat Genet. 2019 January ; 51(1): 30-35. doi:10.1038/s41588-018-027 3-y.



Missing African Variants
in the Human Reference Genome

H3Africa dataset: 3.4 million SNVs Novel variation
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https://www.nature.com/nature

Unknown Archaic Human DNA
in Africans Genomes
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Durvasula & Sankararaman, Sci Adv. 2020 Feb; 6(7): eaax5097.



https://www.ncbi.nlm.nih.gov/pubmed/?term=Durvasula%20A%5BAuthor%5D&cauthor=true&cauthor_uid=32095519
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sankararaman%20S%5BAuthor%5D&cauthor=true&cauthor_uid=32095519
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7015685/

Archaic Human DNA, Health and Diseases

Neanderthal DNA and Covid -19

a | Others associated traits and
diseases

 Dermatological phenotypes

* Neuro-psychiatric disorders

* Immunological functions
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* Major genetic risk factor for severe COVID-19
Skov, L. et al. Nature. 582, 78-83, (2020)
Zeberg & Paabo , Nature, 2020 Nov;587(7835):610-612 Almarri et al. Cell 2020, 182, 1—11

Dannemann & Kelso. Am J Hum Genet. 2017; 101: 578-¢
Simonti et al., Science 2016 351, 6274: 737-741



https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Skov+L&cauthor_id=32494067
https://doi.org/10.1016/j.cell.2020.05.024
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Dannemann+M&cauthor_id=28985494
https://pubmed.ncbi.nlm.nih.gov/28985494/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Kelso+J&cauthor_id=28985494
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5630192/
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Zeberg+H&cauthor_id=32998156
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=P%C3%A4%C3%A4bo+S&cauthor_id=32998156

Some Variants are more frequents in Africans

PCSK9: Frequent nonsense mutations and
Low LDL cholesterol in Africans

« Mutations were common in African Americans
(average 2%)

but rare in European Americans (<0.1%)

« Associated with a 40% reduction in plasma levels of LDL
cholesterol

* PCSK9: privileged target for dyslipidaemias
therapeutics

Cohen et al. Nature Genetics 2005, 37: 161-165



https://www.nature.com/articles/ng1509#auth-1
https://www.nature.com/ng

Some Variants are Specific to Africans
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ZRANB3 is an African-specific type 2 diabetes locus
associated with beta-cell mass and insulin
response

Adebowale A. Adeyemo@® 22, Norann A. Zaghloul?*322, Guanjie Chen®, Ayo P. Doumatey’,

Carmen C. Leitch?, Timothy L. Hostelleyz, Jessica E. Nesmith?, Jie Zhou! Amy R. Bentley ® 1 Daniel Shriner!
Olufemi Fasanmade®, Godfrey Okafor®, Benjamin Eghan Jr®, Kofi Agyenim-Boateng®,

Settara Chandrasekharappa’, Jokotade Adeleye®, William Balogun®, Samuel Owusu®, Albert Amoah?,

Joseph Acheampong®, Thomas Johnson?, Johnnie Oli°, Clement Adebamowo'®,

South Africa Zulu Type 2 Diabetes Case-Control Study, Francis Collins'?, Georgia Dunston® &

Charles N. Rotimi®
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African Ancestry and Monogenic
diseases:
Allelic and locus heterogeneity



Genes and Variants for monogenic conditions
varies in Africans

* Huntington disease

Europeans: 99% triplet expansion in HTT
Africans : 67% in HTT, and 33% JPH3

e Cystic fribrosis

CFTR 3120+1G>A variant that is the most common causal t in African CF patients

Krause, A., et al Annu Rev Genomics Hum Genet 19, 149-175 (2018)

* Congenital Hearing Impairment

Europeans: 50 % variants in GJB2
Most Africans: 0%

Genes 2019, 10, 844; doi:10.3390/genes10110844



http://dx.doi.org/10.3390/genes10110844

9.

Africa’s Ecology:

Adaptation signals and natural selections in African genomes



Malaria and Single Origin of Sickle Cell Mutations

/7" Global Distribution of Sickle Cell Diséase haplotypes
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OMICS. 2015 Mar;19(3):171-9.

ARTICLE

Whole-Genome-Sequence-Based Haplotypes
Reveal Single Origin of the Sickle Allele
during the Holocene Wet Phase

Daniel Shrner! and Charles N. Rotimi®.®



Trypanosomes and APOL1

A) APOL1 G1 risk model APOL1 G2 risk model

G0/GO G0/G1 G1/G1 G0/G0 G0/G2 G2/G2
Chronic kidney disease A Risk (CKD) A Risk (CKD)

T.b. rhodesiense W Risk (infection) ¥ Risk (infection)

T.b. gambiense ¥ Risk (severe HAT) W Risk (severe HAT) A\ Risk (severe HAT)  # Risk (severe HAT)

%

50
48
46
44

B) HAT endemicity C) APOLT G1 allele distribution D) APOLT G2 allele distribution

Yy —,

2 > ~add *0

P ; by : ; 40

r i 1 38
36
34
32
30
28
26
24
22
20
18
16
14
12

/
#

Tﬁ/ rhodesiense

N

oA ®
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Association of Trypanolytic Apol1
Variants with Kidney Disease In
African Americans

Giulio Genovese,'** David ]. Friedman,'?* Michael D. Ross,* Laurence Lecordier,’

SCIENCE VOL 329 13 AUGUST 2010
bjh research paper

Clinical and genetic predictors of renal dysfunctions in sickle
cell anaemia in Cameroon

Amy Gard,' Gift D. Pule,' Bemard Summary
Cheicha Chemegni® Valentina [ ¥

. .3 . i " n.a;[ _‘E“ Microalbuminuria and ghmenlar |u.'|1'r|".|lr.|.l|::-|'. are primary indicatons of
Bitoungui,” Andre P. Kengne” Emile R LT ! . '
H ! and Ambroke Wonkam! renal dysfunctions in Sickle Cdl Dismse (5000, with more severe manifes
. et e e tations vreviouwshy asmociated with vartntg in APOLT and HMOXT amons

Association of Genetic Polymorphisms of TGF-£1,
HMOX1, and APOL1 With CKD in Nigerian Patients With
and Without HIV

Udeme E. Ekrikpo, Khuthala Mnika, Emmanuel E. Effa, Samuel O. Ajayi, Chimezie Okwuonu, Bala Waziri,
Aminu Bello, Collet Dandara, Andre P. Kengne, Ambroise Wonkam, and lkechi Okpechi



Dengue Fever and Natural Selection

OSBPL10, RXRA and lipid metabolism confer
African-ancestry protection against dengue
haemorrhagic fever in admixed Cubans

Beatriz Sierra' ¥ *, Petr Triska®3*®, Pedro Soares®, Gissel Garcia', Ana B. Perez’,

PLOS Pathogens | DOI:10.1371/journal.ppat.1006220 February 27, 2017



Africans Genomics Study is a Scientific Imperative
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Africans Genomics Study:

How to Address the Equity
Imperative?



Africa: Innovation & Wealth creation

= = -

Africa is home to 15% of the world’s population
5% of the world’s gross domestic product (GDP)

1.3% of global investment in research and development

300000 of Human Genomic History


http://www.worldmapper.org/images/largepng/205.png

Hur;m Health in Africa



https://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi4ybae7OTTAhWGbBoKHcwYBMoQjRwIBw&url=https://www.malariagen.net/news-events/news-article/38-million-h3africa-project&psig=AFQjCNEmpH0poiB0_ZzICINnpDS4IOeQzw&ust=1494489008380013

H3Africa: African Populations Structures
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H3Africa CHIP Design

Sample size and distribution

Source Number of
samples
GDAP 204
UG2G 2000
AGVP 320 |GG B
1000G 507 '
TrypanoGEN 212
Baylor 348
SAHGP 16
Total 3607

2.5M SNPs, 700’000 selected from GWAS data from SSA



Bongani Mayosi: ‘Lift as you rise ...’

Cedrik, MD, MMed

Elvis, PhD L | l Malick, MD, PhD %



https://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjkqYWogeTQAhXIVxoKHRuDCC8QjRwIBw&url=https://za.linkedin.com/in/sinead-amber-ross-305b3396&psig=AFQjCNHcgPOnzLbuyk4PeYc4q30z9vtFbg&ust=1481266329426802
https://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj86rPi8IrWAhVCvBQKHaGyA-sQjRwIBw&url=https://za.linkedin.com/in/chantelle-jennifer-scott-6021a927&psig=AFQjCNF8IOUqRUIFzaGM710cKjURJuHQmQ&ust=1504592144394055
https://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjbloWq8YrWAhVHuRQKHbLKBewQjRwIBw&url=https://za.linkedin.com/in/clair-ingram-2a529776&psig=AFQjCNHmoDSyWMjHSfhhWnZ_T2H80UspZA&ust=1504592324187573
http://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjhpeOSlIvWAhUDvBoKHVIEAacQjRwIBw&url=http://www.archaeology.uct.ac.za/age/students/masters&psig=AFQjCNE_LoJct8IDEPeP11fbQmU5LrpBMA&ust=1504601643747674

African Ancestry
and complex traits/diseases



Only 2.5% Africans in Global GWAS Participants
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Ancestry of GWAS participants over time compared to the global population

Amrtin et al. Nat Genet . 2019 April ; 51(4): 584-591.
Dikilitas et al. AJHG 2020, 106: 707-716

Lambert et al, Hum Mol Genet, 2019, 28: R133-R142



Underperformance of PRS in Africans
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Prediction accuracy relative to European ancestry individuals across 17

quantitative traits and 5 continental populations in UKBB
Amrtin et al. Nat Genet . 2019 April ; 51(4): 584-591.

Investigations of Kidney
Dysfunction-Related Gene Variants
in Sickle Cell Disease Patients in
Cameroon (Sub-Saharan Africa)

Valentina J. Ngo-Bitoungui'23, Suzanne Belinga“, Khuthala Mnikaz,
Tshepiso Masekoameng?, Victoria Nembaware’, René G. Essomba5s, . .
Francoise Ngo-Sack’, Gordon Awandare’, Gaston K. Mazandu?# and F ro nt G e n et R 2 0 2 1 y 1 2 . 5 9 5 7 O 2 .

Ambroise Wonkam?2*



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8005585/

Lower LD in Africans Improve fine Mapping

Only 2.5% in GWAS studies are Africans but account for 7% of associations
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Gurdasani, D. et al. Cell 179, 984-1002.e36, (2019).

Gurdasani, D. et al. Nat Rev Genet 20, 520-535, (2019).
Amrtin et al. Nat Genet . 2019 April ; 51(4): 584-591.



Lower Africans Samples Size Yields Larger Effect Sizes

Genetics of schizophrenia in the South African Xhosa

S. Gulsuner, D. J. Stein? E. S. Susser>?, G. Sibeko?, A. Pretorius?, T. Walsh?, L. Majara®,
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Schlzophrenia Autism Blpolar disorder

Cases (N=909) 79 97 51
Controls (N=917) 50 83 29
O.R. 1.80 1.34 1.75 1.11 1.52 2.59
95% CI [1.24 - 2.64][0.97 - 1.84][1.09 - 2.84][0.60 - 2.08][0.55 - 4.50][1.40 - 5.05]

Rare damaging mutations in multiple genes in ~ 1000 African
Replicated in a Swedish cohort of 5000 cases.

 Africans yielded larger effect sizes
Gulsuner et al., Science 367, 569-573 (2020)



Sickle Cell Disease:
The Tragedy of the Common(s)...



Global Burden of SCD

Y

HbS allele frequency (%)
0.18
0.15
0.12
0.09
0.06
0.03
0.00

Burden of SCD in Africa
237, 253 births a year (76%)

Piel et al, The Lancet, 2013



Genomic Architecture of Genetic Diseases

Disease

“*"Sickle Cell

Rare, Simple, Monogenic, Common, Complex, Multigenic,
Mendelian... Non-Mendelian...



Genetic and Kidney dysfunctions in SCD

bjh resecarch paper |

Clinical and genetic predictors of renal dysfunctions in sickle
cell anaemia in Cameroon

Amy Geard' Gift . Pule' Bermard ST TE Y
E
Chchchg Chomael. Welcatine §. Hye Mirno-albuminuria and glomemlar ppefilbraton are primary indiotors of

Boitovu gl © Andre P Kengne, ™ Ernille B ) . X . . )
b o msa s A ool rodes W T renal dyshmctions in Sidcle ] Digeage (SO ), with more severs manibes

OPEN a.I.EEEES Freely available onldine @ Pmsl e

The Co-Inheritance of Alpha-Thalassemia and Sickle Cell
Anemia Is Associated with Better Hematological Indices
and Lower Consultations Rate in Cameroonian Patients
and Could Improve Their Survival

Maryam Bibi Rumaney', Valentina Josiane Ngo Bitoungui®, Anna Alvera Vorster', Raj Ramesar'?,
Andre Pascal Kengne®, Jeanne Ngogang®, Ambroise Wonkam"

Investigations of Kidney
Dysfunction-Related Gene Variants
in Sickle Cell Disease Patients in
Cameroon (Sub-Saharan Africa)

Valentina J. Ngo-Bitoungui*?2, Suzanne Belinga*, Khuthala Mnika2,
Tshepiso Masekoameng?, Victoria Nembaware’, René G. Essomba?®®,
Francoise Ngo-Sack?, Gordon Awandare’, Gaston K. Mazandu?8 and
Ambroise Wonkam?*



SCD, and HbF, and survival
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N Engl J Med 1994,330:1639-44.

DNA polymorphisms at the BCL11A, HBS1L-MYB, and
B-globin loci associate with fetal hemoglobin levels
and pain crises in sickle cell disease

Guillaume Lettre* "5, Vijay G. Sankaran*™, Marcos &ndré C. Bezerra**, Aderson 5. Aradjo®*, Manuela Uda'?,
Serena Sanna', Antonio Cao'', David Schlessinger®®, Fernando F. Costa’, Joel M. Hirschhormn* 'S,
and Stuart H. Orkin¥T

2011 117: 1390-1392
Prepublished online November 10, 2010;
doi:10.1182/bload-2010-08-302703

Genetics of fetal hemoglobin in Tanzanian and British patients with
sickle cell anemia

Julie Makani, Stephan Menzel, Siana Nkya, Sharon E. Cox, Emma Drasar, Deogratius Soka, Albert

N. Komba, Josephine Mgaya, Helen Rooks, Nisha Vasavda, Gregory Fegan, Charles R. Newton,
Martin Farrall and Swee Lay Thein

OPEN & ACCESS Froely avallable online @‘ PLOS |=ne

Association of Variants at BCL77A and HBS71L-MY¥YB with
Hemoglobin F and Hospitalization Rates among Sickle «
Cell Patients in Cameroon

Ambroise Wonkam'*, Valentina J. MNgo Bitoungui‘, Anna A. Vorster', Raj Ramesar'?, Richard 5. Cooper‘,
Bamidele Tayo®, Guillaume Lettre®, Jeanne Ngogang®



Correction of Sickle Cell Disease
Adult Mice by Interference with
Fetal Hemoglobin Silencing

Jian Xu,™* Cong Peng,* Vijay G. Sankaran,** Zhen Shao," Erica B. Esrick,™” Bryan G.
Gregory C. Ippolito,* Yuko Fujiwara,™* Benjamin L. Ebert,” Philip W. Tucker,® Stuart H.

A Control SCD SCD/ Bcli1a ™

BCLIIA enhancer dissection by Cas9-
mediated in situ saturating mutagenesis

Matthew C. Canver'*, Elenoe C. Smith'#, Falak Sher'*, Luca Pinello”®, Neville E. Sanjana®*, Ophir Shalem®, Diane D. Chen',
.....

Patrick G. SU}ILI.EIFII. Divva 5. ‘I."inju.n’_tllr‘. Sara P. Garcia®, Sidinh Luec', Ryo Kurita®, Yukio Nakamura®”, Yuko Fujiwara"®,
Takahiro Maeda’, Guo-Cheng Yuan®, Feng Zhang'§, Stuart H. Orkin"*$§ & Daniel E. Bauer'§




It’s Here: Gene Editing for SCD

The NEW ENGLAND JOURNAL of MEDICIN I

BRIEF REPORT

Gene Therapy in a Patient
with Sickle Cell Disease

Collect blood stem cells Reinfuse cells

The NEW ENGLAND JOURNAL of MEDICINE

BRIEF REPORT

CRISPR-Cas9 Gene Editing for Sickle Cell
Disease and B-Thalassemia

H. Frangoul, D. Altshuler, M.D. Cappellini, Y.-S. Chen, J. Domm, B.K. Eustace,

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 JANUARY 21, 2021 VOL. 384 NO.3

N ENGL ) MED 376;9 NEJM.ORG MARCH 2, 2017

Post-Transcriptional Genetic Silencing of BCL11A to Treat
Sickle Cell Disease N Engl ) Med 2021;384:252-60.

Erica B. Esrick, M.D., Leslie E. Lehmann, M.D., Alessandra Biffi, M.D., Ph.D., Maureen Achebe, M.D.,

N ENGL ] MED 384;3 NEJM.ORG JANUARY 21, 2021



Missing Heritability of HbF in Africa

HBB Locus  HmIP
1%  3-7%
e BCL11A
, 7-14%

Unknown Factors

80-90%

Wonkam, Br J Haematol. 2020 Dec;191(5):668-670.



Genomics of Hb F level in SCA

Observed (-logP)

Expected (-logP)
Wonkam et al, Unpublished data
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Novel HbF Promoting Loci in Africans
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! nature

MNEWS FEATURE . 04 DECEMBER 2019

Gene therapyisfacingits biggest
challenge yet

After finally gaining traction as a potential treatment for certain genetic
disorders, gene therapy tackles the challenge of sickle-cell disease.

Heidi Ledford




Hydroxyurea-Induced miRNA & HbF
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Hydroxyurea down-regulates BCL11A, @
KLF-1 and MYB through miRNA-mediated
actions to induce y-globin expression: GATA-1 MYB

implications for new therapeutic approaches
of sickle cell disease

Gift Dinec Pule', Shaheen Mowla?, Nicolas Novitzky” and Ambroise Wonkam '™

Pule etal. Clin Trans Med (2016} 5:15 @ Clinical and Translational Medicine
DOI 10.1186/540169-016-0092-7
RESEARCH Open Access !R 25'3

l' KLF-1

Positive regulators \ BCL11A

Hydroxyurea-Induced miRNA —_
Expression in Sickle Cell Disease
Patients in Africa

Khuthala Mnika', Gaston K. Mazandu'2, Mario Jonas', Gift D. Pule’, Emile R. Chimusa’, y-globin
Neil A. Hanchard?® and Ambroise Wonkam™
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https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Timmann+C&cauthor_id=20571010
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Meyer+CG&cauthor_id=20571010

Rare Damaging Variants & Survival in SCD
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Markers of evolutional selections in SCD
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Co-evolution of HBB-3° and other variants under selection

— %
"y =5 P g - =1
et ) e ] / & =
A P - / B @ TN T /
\ s = - TR
o ~ TR ‘& vo # N
tve £ ﬁ'.\ 5. N\

/ L iy o P %\
/ \ 3 ). X \
\ﬁ 1 PN

\\ = E \

7
&
.
b J
/ et =, /
/ ‘\\} . o - /
’ Y oy .
: ° ¥ ®
7 ®
HbS / " a-thalassaemia . }/
T l0-0024 e 0-0036 k ;

10.024-0,047 { . [ 0.036-0.073
(771 0.047-0.071 R 71 0.073-0.109
[ 0.071-0.094 |‘ © oy [ 0.109-0.146
[ 0.094-0.118 7 o s B 0.146-0.182
B 0.118-0.141 ‘\ / It f B 0.182-0.218
B 0.141-0.163 4 A j-’ I 0218-0.252
B 0.163-0.181 ’ { / B 0252-0.279
I >0.181 i N I -0279
[ ] =
\ /‘
3 o
W
e, N P, - e
C } 7 f } N Rk gﬂ'_wzw e D ,_/<—~
. ;‘? et 5(‘3:7}'- :%7 ra
\ o ~~ = by P~ s
/‘L« At 2 N S ¢ = 5
( e vz 4

;;;;
W

G6PD APOL1-G2

~lo-0018 [ 10-0019

~10018-0.035 \ ~10.019-0.037

777 0.035-0.053 K 771 0.037-0.056
y

[ 0.053-0.071
I 0,071-0.088 < A\
I 0.088-0.106 : P
I 0.106-0.122 7l Y

B 0.122-0.136 X
B >0.136

O

[ 0.056 - 0.075
I 0.075-0.093
B 0.093-0.112
I 0.112-0.129
B 0.129-0.144
. >0.144

(]

= i)
s

A
2
iy e
AT
=Y
)
~t

Global allele
frequencies __

PIEZO1

AERICA

Esoh & Wonkam, Hum Mol. Genet. https://doi.org/10.1093/hmg/ddab004, 18 January 2021

Hanchard & Wonkam, Cell 184, February 18, 2021


https://doi.org/10.1093/hmg/ddab004

The tragedy of the rare: DSDs
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Unknown in the Databases:

The case of a silent epidemy
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Confirmation of Rare Disease Genes in Africa

A novel variant in DXML2 gene is associated with autosomal
dominant non-syndromic hearing impairment (DFNA71) in a
Cameroonian family

Edmond Wonkam-Tingang', Isabelle Schrauwen?, Kevin K Esoh' ®, Thashi Bharadwaj2 ®,
Liz M Nouel-Saied? ®, Anushree Acharya?, Abdul Nasir® ®, Suzanne M Leal® and
Ambroise Wonkam'

Bi-Allelic Novel Variants in CLIC5 Identified in a
Cameroonian Multiplex Family with Non-Syndromic
Hearing Impairment

Edmond Wonkam-Tingang !, Isabelle Schrauwen 2(9, Kevin K. Esoh {7, Thashi Bharadwaj 2,
Liz M. Nouel-Saied 20, Anushree Acharya %, Abdul Nasir >(¥, Samuel M. Adadey 140,
Shaheen Mowla >0, Suzanne M. Leal 2 and Ambroise Wonkam 1-*

Whole exome sequencing reveals a biallelic frameshift mutation
in GRXCR?2 in hearing impairment in Cameroon

Ambroise Wonkam'?® | Kamogelo Lebeko' | Shaheen Mowla® | Jean Jacques Noubiap® |

Mike Chong® | Guillaume Pare’ . . . . . .
Whole exome sequencing identifies rare coding variants in nove

human-mouse ortholog genes in African individuals diagnosed
with non-syndromic hearing impairment
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Waardenburg Syndrome: Novel PAX...Gene




Addressing the Exome DB Diversity
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The road ahead in genetics and
genomics

Amuy L. McGuire, Stacey Gabriel, Sarah A. Tishkoffi®, Ambroise Wonkam@,

NATURE REVIEWS | GENETICS

Genomics to society

Genomics to health

African ancestry and ecosystems motivate investments in African genomic variations, as a scientific imperative,

with equitable access being a challenge to be addressed, to fully meet the potential of the next frontier of global genetic medicine.



Sequence three million
genomes across Africa

Ambroise Wonkam

Capture the full scope of
variation toimprove health
care, equity and medical
research globally.

wo decades after the completion of
the Human Genome Project (HGP),
thereis still much to do to ensure that
genomics works for the global public
good. The focus on populations from
high-income countries has come at the cost of
understanding health and disease that might
benefit the world. Less than 2% of human
genomes analysed so far have been those of

African people!, despite the fact that Africa,
where humans originated, contains more
genetic diversity than any other continent.
Toolittle of the knowledge and applications
from genomics have benefited the global
south because of inequalities in health-care
systems, asmall local research workforce and
lack of funding.

The African Society of Human Genetics
(AfSHG),whichlcurrentlylead, was established
in 2003 to help address disparities, improve
education, enhance networking and build
research capacity in Africa (www.afshg.org).
Despite recent progress and investments, too
much of the genomic research done in Africa
has been driven by European and American
investigators®. Why is this a problem? Their
priorities could be detached fromwhatpeople
on the continent need and want. Testing new

cover ethnolinguistic, regional and other
groups. Therefore, we aim to start such apro-
ject, called the Three Million African Genomes
(3MAG), which would build capacity on the
continent — in genomics research and its
applications, and governance. The findings
would bring benefits worldwide, including
some that are hard to anticipate. In a similar
way, much knowledge put to use during the
COVID-19 pandemic — from public commu-
nication to sharing biological samples and
data —was hammered out in Ebola outbreaks
during the past few years.

The development of 3MAG will proba-
bly take around a decade. We estimate core
funding would need to be roughly $450 million
per year (about $1,500 per participant). That
would cover setting up and running biorepos-
itories and developing datainfrastructure and
technology. We plan on sequencing and phe-
notyping about 300,000 African genomesin
the first year.

Those who think this too daring are for-
getting the ambition required to launch the
HGP. Thattook more than13 years, and infused
geneticscienceacrossall areas of health care.
Today, the cost of sequencing a genome is
less than $1,000 — building the first draft
reference genome cost around $300 million
(see go.nature.com/3pfy2kh). Thirty years

Nature | Vol 590 | 11 February 2021 | 209



PAVING THE WAY: THREE MILLION AFRICAN GENOMES CAN DRAW FROM EXISTING PROJECTS
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Examining the human
genome’s impact
upon hosted microbial
populations, and
microbe impacts upon
the human genome
and gene expression

Modifying the genes
associated with a
disease or disorder
to treat or cure the
disease

Examining the impact
of human interactions
with the environment
on the human genome,
gene regulation, muta-
tion, and disease
etiology.

Environmental Genomics
and Metagenomics

8

Human-Microbe

Interaction Biomedical

Analyzing sequencing
data from large and

diverse populations to
provide deep insights

into disease biology and

identify characteristics
associated with health.

Minable Big Data
(Discovery Science)

Identifying Predisposition
to Diseases and Disorders

Application
Domains of
Human Genetics

Gene Editing
and Gene Therapy

5

Pharmacogenomics
(Personalized Medicine)

Using sequencing data
to enable the
prescription of drugs
best suited to the
patient’s genotype
(increasing efficacy and
reducing adverse events)

6 and Genomics 3

4

Rational Drug
Development

Using genetic
information and gene
associated biomarkers
to inform molecular

targeting in drug design.

Genetic and genomic
testing to identify
carrier status, and
identify predisposition
for genetic disease via
prenatal, newborn and
adult screening.

Diagnosing Diseases
and Disorders

Using biomarkers
and gene signatures
to diagnose the
presence of diseases
or disorders that are
associated with
specific genes or
gene products.
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